ABSTRACT: Interspecific competition is often asymmetric, and it can limit the spatial distributions of competitively inferior species within a community. When asymmetric competition involves 2 or more component species, the ranking of species' competitive abilities may form competitive hierarchies (all species of higher rank out-compete all species of lower rank) or competitive networks (at least 1 species of lower rank out-competes ≥1 species of higher rank). Expectations of resource monopolization and patterns of distribution and abundance among species in competitive networks are expected to differ from those in competitive hierarchies. We conducted a field experiment to evaluate the relative competitive abilities of juveniles of 3 closely related species of reef fish (bird wrasse Gomphosus varius, fivestripe wrasse Thalassoma quinquevittatum and the sixbar wrasse T. hardwicke) on Moorea, French Polynesia. We controlled for intrinsic variation in survivorship among species and found that competition among these 3 species was highly asymmetric, resulting in a simple competitive hierarchy (sequence of competitive ability from superior to inferior competitors): fivestripe wrasse > bird wrasse > sixbar wrasse. We surveyed densities of the 3 reef fish species on 55 patch reefs and observed significant negative spatial covariation between superior and inferior competitors, consistent with competitive hierarchies that limit the spatial distributions of the inferior species (sixbar wrasse). Our work demonstrates that intense asymmetric competition and the formation of competitive hierarchies may be an important determinant of resource monopolization and patterns of distribution and abundance in reef fishes.
INTRODUCTION
Interspecific competition can be intense in natural communities and is often an important determinant of resource monopolization as well as patterns of distribution and abundance (e.g. Connell 1961 , Gladfelter et al. 1980 , Anderson et al. 1981 , Schmitt & Holbrook 1990 , Robertson 1996 , Munday et al. 2001 , Munday 2004 . Interspecific competition between 2 species can be symmetric (i.e. species are competitively interchangeable; sp. A = sp. B), with species coexistence determined by priority of arrival of recruits (e.g. Munday 2004 , Geange & Stier 2009 ).
Alternatively, interspecific competition may be asym metric (i.e. superior competitors dominate a larger portion of the resource, excluding inferior competitors; sp. A > sp. B), with inferior competitors persisting in the system via a range of mechanisms, including competition-colonization tradeoffs (Levins & Culver 1971 , Tilman 1994 , Hurtt & Pacala 1995 , disturbance (Connell 1978 , Huston 1979 , Tilman 1982 and aggregation in patchy habitats (Atkinson & Shorrocks 1981 , Hanski 1981 .
When competition is asymmetric, a common hypothesis is that, all else being equal, superior competitors exclude inferior competitors (e.g. Hardin 1960 ), resulting in negative spatial (or temporal) covariation in the distribution of each competitor (Colwell & Fuentes 1975 , Connell 1983 , Schoener 1983 , Munday et al. 2001 , Young 2004 . However, when pairs of inferior and superior competitors are embedded within a suite of competing species, the outcome of competition and influences on species distributions may be altered. For example, when relative competitive abilities take the form of competitive networks, in which a loop in an otherwise hierarchical sequence of competitive abilities occurs (e.g. sp. A > sp. B, sp. B > sp. C, but sp. C > sp. A), the presence of intransitives may stabilize coexistence (i.e. addition of species may disrupt expectations of negative spatial co-variation between the original 2 species because a lower ranked competitor can out-compete ≥1 higher ranked competitors) (Buss & Jackson 1979 , Levine 1999 , Allesina & Levine 2011 . Competitive networks can lead to indefinite coexistence of the 3 species (Laird & Schamp 2006 , Reichenbach et al. 2007 ) and facilitate the coexistence of many more species with appropriate resource-consumer interactions (Huisman et al. 2001) . Conversely, relative competitive abilities can take the form of hierarchical sequences in which all competitors of a higher rank out-compete all competitors of a lower rank (e.g. sp. A > sp. B, sp. B > sp. C and sp. A > sp. C). In this scenario, patterns of negative spatial co-variation between pairs of inferior and superior competitors should be maintained (or amplified) when embedded within suites of competing species. We therefore expect a single winner, with the best competitor driving all others extinct unless some other mechanism facilitates coexistence.
In reef fishes, competitive interactions have historically been considered more or less symmetric, with species coexistence determined by a number of mechanisms, including priority of arrival (Sale 1974 , 1976 , 1977 , Talbot et al. 1978 or storage effects (Chesson & Warner 1981 , Chesson 1994 . Over the last few decades, it has become clear that competition is often asymmetric and can influence the distribution and abundance of reef fishes (e.g. Hixon 1980 , Larson 1980 , Ebersole 1985 , Schmitt & Holbrook 1990 , Holbrook & Schmitt 1995 , Robertson 1996 , Munday 2004 . Although competition in reef fishes may occur among suites of species, rankings of relative competitive abilities and documentation of competitive networks or competitive hierarchies are rare. Juvenile reef fishes provide an exciting opportunity to examine relative competitive abilities because few studies have examined the role and importance of competition among recently settled reef fishes at this important life-history boundary, and because those few studies focused primarily on pairs of competitive species. As individuals make the transition from a pelagic environment (where they develop as larvae) to benthic reef habitat, they encounter multiple fish species with highly similar resource requirements. Consequently, interference competition for habitat resources among suites of juvenile reef fish species is commonplace (e.g. Munday et al. 2001 , Almany 2003 , and such interactions may determine the success of newly arrived indi viduals, e.g. if superior competitors ex clude inferior competitors from mutually preferred habitats (Robertson & Gaines 1986 , Munday et al. 2001 , Geange 2010 ) and increase their exposure to predators (Holbrook & Schmitt 2002) . Ultimately, a pattern of negative spatial co-variation between superior and inferior competitors may ensue, with important demographic consequences for subsequent life-history stages.
Here, we conduct a field experiment to determine whether competitive interactions are symmetric or asymmetric for 3 species of juvenile coral reef fishes. Our experiments facilitate estimates of relative competitive abilities for all pairwise combinations and the placement of pairs of competitors within a 3-species suite of competitors. This enables us to evaluate whether competitive interactions take the form of a competitive network or a competitive hierarchy. We compare the results of our experiments with surveys of reef fish density to evaluate whether our expectations of competitive interactions (based upon the experiments) match our observations of spatial covariation among these 3 species of reef fish.
MATERIALS AND METHODS

Study system
We conducted the study in the northern lagoon of Moorea, French Polynesia (17°30' S, 149°50' W). The northern lagoon is ~800 to ~900 m wide, as measured from the shore to the reef crest, and is interspersed with patch reefs separated from one another by a mixture of sand, fine coral rubble and coral pavement (Galzin & Pointer 1985) . Patch reefs are predominantly Porites spp., often surmounted by smaller colonies of branching corals, dead coral skeletons, patches of macroalgae or lush stands of filamentous algae. The focal reef fishes in our study are closely related wrasses (Family Labridae: bird wrasse Gom-phosus varius, fivestripe wrasse Thalassoma quinquevittatum and sixbar wrasse T. hardwicke) that cooccur on reefs throughout the Indo-Pacific (Myers 1999) . Collectively, these 3 species constitute nearly 70% of all juvenile labrids within the northern lagoon of Moorea (S. W. Geange unpubl. data). After an approximately 39 to 68 d planktonic larval duration (Victor 1986 ), these species settle in pulses around the new moon at a standard length (SL) of 9 to 11 mm, forming mixed species groups in which multiple species frequently come into contact with each other (S. W. Geange pers. obs.). At our study site, juveniles of all 3 species use similar habitats; all 3 species form strong associations with massive Porites corals and Pocillopora verrucosa (Geange 2010) . All 3 species also have similar diets, feeding predominantly on planktonic and benthic crustaceans (Randall 2005) . Interference competition between species (presumably for habitat) generally consists of chases and fin bites, and such agonistic interactions are common (Geange & Stier 2009 ).
Experimental test of competitive asymmetry
We constructed an array of 30 live-coral patch reefs and used these to conduct a field experiment that examined competitive asymmetry between bird wrasse, fivestripe wrasse and sixbar wrasse. On our constructed reefs, we aimed to minimize habitat variation by standardizing the reefs' size, rugosity and water depth. To achieve this, we selected natural reefs (based upon a set of morphological attributes that included a base of live Porites lobata coral with a surface area [mean ± SD] of 2.23 ± 0.56 m 2 , and a height of 0.59 ± 0.10 m) from a nearby location and transplanted them to our study site (17°29.010' S, 149°50.346' W), an open sand flat 2 to 4 m deep. Each reef was separated from its nearest neighbor and other non-experimental reefs by a minimum of 10 m. To each reef we attached 3 similar-sized colonies (colony surface area = 0.2 ± 0.07 m 2 ) of the branching coral Pocillopora verrucosa, which is representative of ob served P. verrucosa cover within the lagoon (Shima et al. 2008) , using Z-Spar Splash Zone Compound (Kopcoat).
Prior to starting the experiment, we removed all bird wrasse, fivestripe wrasse and sixbar wrasse from the reefs and manipulated the relative abundances of other resident fish species via selective removals and additions so that the relative abundance of all species was similar among the 30 reefs (see Supplement 1 at www. int-res. com/ articles/ suppl/ m472 p239_ supp.pdf for background community structure). We used the fish anesthetic eugenol (clove oil) and hand nets to collect fish.
We conducted pairwise comparisons of competitive asymmetry between bird wrasse, fivestripe wrasse and sixbar wrasse. To each reef, we randomly assigned 1 of 6 treatments: (1) 6 bird wrasses; (2) 6 fivestripe wrasses; (3) 6 sixbar wrasses; (4) 3 bird wrasses and 3 fivestripe wrasses; (5) 3 bird wrasses and 3 sixbar wrasses; or (6) 3 fivestripe wrasses and 3 sixbar wrasses. The densities used in this experiment (~2.6 ind. m −2 ) were equivalent to the maximum densities of sixbar wrasse observed by Shima (2001) . Treatments 1 to 3 were used to assess speciesspecific survival in the absence of competitors. In these treatments, 3 'focal' individuals were randomly chosen a priori, and these individuals were used to estimate survivorship. Competitive asymmetry was assessed in Treatments 4 to 6 as differences in the fraction (over a fixed time interval) of survival of each species, standardized by species-specific survival in the absence of competitors (see Eq. 1). We ran the experiment in 2 temporal blocks (21 to 25 May 2008 and 2 to 6 June 2008), yielding 10 replicates for each of the 6 treatments, with treatments randomly assigned in each temporal block.
We used fish captured from reefs adjacent to the reef crest, ~2 km from the study site. All captured fish were held in aquaria with running seawater for 24 h and then individually tagged with Visible Implant Elastomer (VIE; Northwest Marine Technology) anterior to the caudal peduncle. Different colors of VIE tags were used for each species. VIE tags were readable through the skin of the fish by observers in the field, so it was not necessary to recapture individuals to determine their identity. VIE tags do not have adverse effects on other fishes (Beukers et al. 1995 , Imbert et al. 2007 , Simon 2007 ) or on sixbar wrasse or fivestripe wrasse (Geange & Stier 2009) , and have been used to tag fish as small as 8 mm (Frederick 1997) . We therefore assumed that tagging and handling effects were minimal and that these effects did not substantially differ among the 3 focal species. After tagging, we returned the fish to aerated aquaria for 24 h before measuring them to the nearest 0.1 mm SL. SL (mean ± SD) was 13.1 ± 1.2 mm for bird wrasse, 13.1 ± 1.4 mm for fivestripe wrasse and 12.7 ± 1.3 mm for sixbar wrasse. For each experimental run, a 1-way analysis of variance indicated that SL of individuals at the time they were introduced to reefs did not statistically differ among species: F 2,177 = 0.669, p = 0.499 and F 2,141 = 2.864, p = 0.060 for Expts 1 and 2, respectively.
We surveyed reefs twice daily (approximately 08:00 and 16:00 h) for 5 d after the introduction of fishes. During surveys, we searched neighboring non-experimental reefs for tagged immigrants. We found no immigrants or emigrants. Previous research has shown that small reef fishes rarely move between reefs separated by as little as 15 m (Caselle 1999 , Shima 2001 , and previous studies on our experimental array found no migration of similar-sized fivestripe wrasse or sixbar wrasse (Geange & Stier 2009 , Geange & Stier 2010 . We therefore assume that the disappearance of an experimental fish was due to mortality rather than migration.
We used an analysis of variance to examine for a significant effect of the temporal blocks on the survival of focal species. Finding neither a significant interaction between temporal block and treatment (p = 0.6997) nor a significant main effect of temporal block (p = 0.201), we pooled temporal blocks and calculated means across all 10 replicates. Because survival in the absence of interspecific competitors was species-specific, we evaluated competitive symmetry using a standardized measure of competition incorporating species-specific survival. To achieve this, we defined a simple difference measure for the effect of species j on the proportional survival of species i:
(1) where 2 P ij is the mean proportional survival of species i where species j is present, 2 A ij is the mean proportional survival of species i where species j is absent, and D ij is the difference between these 2 means (the calculation of D ij is illustrated in Supplement 2 at www.int-res. com/ articles/ suppl/ m472 p239_ supp. pdf for a hypothetical dataset). The re sulting standardized measures of competition range between −1 and 1. A value of 0 indicates the per-capita effects of heterospecific competitors equaled those of conspecific competitors; negative values indicate the per-capita effects of heterospecific competitors were greater than those of conspecific competitors; positive values indicate the per-capita effects of conspecific competitors were greater than those of heterospecific competitors.
Tests for competitive effects
To test the null hypothesis that the presence of species j did not affect the proportional survival of species i, we followed the approach of Gotelli et al. (2011) . This approach allows the statistical comparison of a single observation of D ij (with no associated error) against a distribution of simulated values for D ij that incorporate the variability within the raw data. For 1000 iterations, the values of the proportional survival of species i were randomly reassigned to reefs with and without species j (the randomization procedure is illustrated in Supplement 2). We then calculated a standardized effect size for the effect of species j on species i (SES ij ) as follows: (2) where D ij is the observed difference for species i in the presence of species j, D ij(sim) is the mean difference in the simulated dataset, and σ ij(sim) is the sample SD of the difference in the simulated dataset. This index quantifies the importance of species j relative to the distribution of difference values in the randomized data (Gotelli et al. 2011) . This measure of effect size is the number of SD units that the observed D ij lies above or below the expectation of the simulated distribution. If |SES ij | > 2, then the observed value is approximately in the 5% tail of a normal distribution. If |SES ij | < 2, the observed value is approximately within the range expected by chance at α = 0.05.
Tests for competitive asymmetry
To test the null hypothesis that competitive effects were symmetrical (i.e. D ij = D ji ), we conducted a second analysis. We defined a difference matrix to test competitive asymmetry between species i and j (CA ij ) as follows:
Because we are interested in whether the magnitude of D differs among focal species, we randomized the identity of focal species in reefs where competitors were absent and reefs where competitors were present (the randomization procedure is illustrated in Supplement 2 for a hypothetical dataset). We iterated this procedure 1000 times. We then calculated a standardized effect size for competitive asymmetry between species i and j (SES ij ) as follows: (4) where CA ij is the observed difference in D for species i and species j, CA ij(sim) is the mean difference in the simulated dataset, and CA σij(sim) is the sample SD of the difference in the simulated dataset. This index is a modification of that proposed by Gotelli et al. (2011) 
and quantifies the importance of competitive asymmetries relative to the distribution of difference values in the randomized data. We conducted the 2 tests described above (for competitor effects and for competitive asymmetry) for each pairwise comparison between bird wrasse, fivestripe wrasse and sixbar wrasse. We implemented our randomizations in R 2.11.1 (R Development Core Team 2010).
Competitive networks and competitive hierarchies
Results of the analysis of competitive asymmetry were compiled into a contact matrix (e.g. Blower & Mclean 1991 ) of all possible pairwise interactions among the 3 species. Examination of the contact matrix allowed determination of whether competitive interactions take the form of a competitive network or a competitive hierarchy.
Expectations of spatial covariance among competing wrasses
To determine the in situ spatial covariation of superior and inferior competitors, we surveyed the density of the 3 species at 3 locations (Teaharoa West: 17°28.397' S, 149°47.592' W; Teaharoa East: 17°28.260' S, 149°47.118' W; and Vaipahu: 17°28.772' S, 149°50.879' W). Each location consisted of 2 sites that were arrayed perpendicular to the reef crest: a 'crest' site (~95 m shoreward of the reef crest) and a 'lagoon' site (~190 m shoreward of the reef crest). At each site, we haphazardly selected 16 patch reefs (hereafter reefs) of similar surface area (mean ± SD): 8.40 ± 4.91 m 2 , and 8.23 ± 4.06 m 2 , for the crest and lagoon locations, respectively. On each reef and the surrounding 1 m halo, we counted juveniles of the 3 focal species, which we converted to densities. Juveniles were defined as individuals with SL < 25 mm. Surveys were conducted between 08:00 and 16:00 h (peak activity time for diurnal benthic fishes) (Galzin 1987) from 27 May to 6 June 2005. As 41 of the 96 patch reefs surveyed were not inhabited by either bird wrasse, fivestripe wrasse or sixbar wrasse, we restricted the analysis to the 55 patch reefs upon which at least 1 of these species were counted.
To evaluate patterns in the density of inferior competitors as a function of the density of superior competitors, we fit linear and non-linear (negative exponential) models to our untransformed data. We chose the negative exponential because we ex pec ted constant changes in the density of superior competitors would result in the same proportional de crease in inferior competitors. We used Akaike's information criterion (AIC) to determine which model fit best. As differences in AIC scores between models were < 2, indicating that both models fit the data equally well (after Burnham & Anderson 1998 ), we present results from both models. All statistical analyses were conducted in R 2.11.1 (R Development Core Team 2010).
RESULTS
Experimental test of competitive symmetry
Mean (± SD) survival in the absence of interspecific competitors was species-specific: 2 A ij was 0.52 ± 0.12 for bird wrasse, 0.21 ± 0.15 for fivestripe wrasse and 0.45 ± 0.11 for sixbar wrasse. In the presence of bird wrasse, mean survival 2 P ij was 0.42 ± 0.21 for fivestripe wrasse and 0.23 ± 0.16 for sixbar wrasse. Mean survival 2 P ij in the presence of fivestripe wrasse was 0.25 ± 0.15 for bird wrasse and 0.18 ± 0.16 for sixbar wrasse. In the presence of sixbar wrasse, mean survival 2 P ij was 0.53 ± 0.28 for bird wrasse and 0.67 ± 0.16 for fivestripe wrasse. The difference in proportional survival between treatments where competitors were present or absent (D) ranged between −0.278 (survival of sixbar wrasse in the presence of fivestripe wrasse) and 0.444 (survival of fivestripe wrasse in the presence of sixbar wrasse; Table 1 , Fig. 1a ).
Fivestripe wrasse versus sixbar wrasse
We identified competition between fivestripe wrasse and sixbar wrasse as being highly asymmetric (Fig. 2) . The influence of competition with fivestripe wrasse on the local abundance of sixbar wrasse was significantly greater than the influence of competition with conspecifics (Table 1, Fig. 1a) . For fivestripe wrasse, the influence of competition with sixbar wrasse on local abundance was less than the in fluence of competition with conspecifics (Table 1, Fig. 1a ).
Bird wrasse versus fivestripe wrasse
Competition between bird wrasse and fivestripe wrasse was highly asymmetric (Fig. 2) . For bird wrasse, competition with fivestripe wrasse had a statistically greater influence on local abundance than competition with conspecifics (Table 1, Fig. 1b) . Conversely, for fivestripe wrasse, the influence of competition with conspecifics on local abundance was statistically indistinguishable from the influence of competition with bird wrasse, although there was a trend for the influence of bird wrasse to be less than that of conspecifics (Table 1, Fig. 1b ).
Bird wrasse versus sixbar wrasse
Although not statistically significant, competition between bird wrasse and sixbar wrasse tended to be asymmetric (Fig. 2) . For bird wrasse, the influence of competition with conspecifics on local abundance was statistically indistinguishable from the influence of competition with sixbar wrasse (Fig. 1c, Table 1 ). Conversely, for sixbar wrasse, competition with bird wrasse had a statistically greater influence on local abundance than competition with conspecifics (Fig. 1c, Pairwise patterns of competitive asymmetry between bird wrasse, sixbar wrasse and fivestripe wrasse, where D is a simple difference measure for the per-capita effect of heterospecific competitors on the proportional survival of focal species (see 'Materials and methods'). Horizontal line at zero: per-capita effects of heterospecific competitors equal to that of conspecific competitors. Bars below the line: per-capita effects of heterospecific competitors were greater than the per-capita effects of conspecific competitors. Bars above the line: per-capita effects of conspecific competitors were greater than those of heterospecific competitors. Capital letters above means: statistically significant interspecific differences in D, as determined by SES (see Fig. 2 ), indicate competitive asymmetry. *:statistically significant departures of D from zero, as determined by standardized effect sizes (SES; see 
Competitive networks and competitive hierarchies
Assessment of the contact matrix (Fig. 2) determined the presence of a competitive hierarchy, in which a simple linear sequence of competitive ability existed (arranged from superior to inferior competitor): fivestripe wrasse > bird wrasse > sixbar wrasse. The competition was greatest between fivestripe wrasse and sixbar wrasse, followed by fivestripe wrasse and bird wrasse and then bird wrasse and sixbar wrasse (Fig. 2) .
Expectations of spatial covariance among competing wrasses
We observed 127 fish (all either bird wrasse, sixbar wrasse or fivestripe wrasse) on 55 of the 96 reefs surveyed. Although a trend of negative spatial covariation in the density of bird and fivestripe wrasse occurred, this was non-significant (n = 36; F 1, 34 = 1.8514; p = 0.1826; density of bird wrasse = 0.126x − 0.177; R 2 = 0.052). As the contact matrix identified a competitive hierarchy, with a simple linear sequence of competitive ability, we hypothesized that the density of the inferior competitor (sixbar wrasse) would be negatively correlated with the density of the superior competitors (bird wrasse and fivestripe wrasse). We therefore pooled the density of bird and fivestripe wrasse and evaluated their combined influence on the density of sixbar wrasse, the inferior competitor. The density of sixbar wrasse and competitors (bird and fivestripe wrasse, pooled) ranged between 0 and 0.71 and between 0 and 0.74 ind. m −2 , respectively. Correlations between the density of sixbar wrasse and competitors were equally well explained by the negative exponential model (AIC = −36.788; R 2 = 0.20; p = 0.014) and the linear model (AIC = −38.301; R 2 = 0.177; p = 0.0014; ΔAIC = 1.513). Both models indicated reductions in the density of sixbar wrasse with increases in competitor density (Fig. 3) .
DISCUSSION
Competitive interactions among reef fishes have historically been considered more or less symmetric. However, our findings demonstrate asymmetric competition and add to a growing body of evidence that asymmetric competitive interactions can influence the distribution and abundance of reef fishes (e.g. Schmitt & Holbrook 1999 , Munday et al. 2001 , Munday 2004 . Furthermore, the present study is among the first to embed pairs of inferior and superior juvenile reef fish competitors within a suite of 3 competing species, and in doing this, our work identifies a simple linear competitive hierarchy.
Because the species examined here form mixed species groups following settlement, any one species will often come into contact with individuals of many different species, resulting in competitive interactions that will occur between a suite of species. Both the bird wrasse and the fivestripe wrasse were competitively superior to the sixbar wrasse. Furthermore, the fivestripe wrasse was competitively superior to the bird wrasse, resulting in a linear competitive hierarchy between these 3 species (fivestripe wrasse > bird wrasse > sixbar wrasse). The presence of a linear competitive hierarchy suggests that there will be a single competitive 'winner' capable of excluding all other species unless some other mechanism facilitates co-occurrence.
Density surveys of juveniles of our 3 focal species confirmed the hypothesis of negative spatial covariation in the abundance of superior and inferior competitors. As the rate of mortality in reef fishes typically declines with age or size (Schmitt & Holbrook 1999, (1) Previous research examining competitive interactions between juvenile fivestripe wrasse and sixbar wrasse has demonstrated that the se quence (who arrives first) and timing (by how much) of arrival of fivestripe wrasse and sixbar wrasse on reefs can influence the magnitude (and in some instances direction) of asymmetric competition be tween these species (Geange & Stier 2009 ). For example, when both species arrived on a reef simultaneously, sixbar wrasse were competitively inferior to fivestripe wrasse; however, fivestripe wrasse were competitively inferior when they arrived on a reef 12 d later than sixbar wrasse. Natural variability in the relative timing of arrival of the 3 species examined here may alter the relative competitive abilities of bird wrasse, fivestripe wrasse and sixbar wrasse and further explain why the density of superior competitors explained only a small (although statistically significant) proportion of the variability in the density of inferior competitors. (2) Although competition is predicted to be greatest among more closely related taxa (Dayan & Simberloff 2005) , competitive interactions can, in some instances, be strongest among more distant lineages (e.g. Mc Clanahan 2000). For example, competition among juveniles of the 3 focal species in the present study commonly occurs for structurally complex branching corals (e.g. Pocillopora), which provide predator-free space. These corals are also used as predator-free space by large groups of damselfish. Some of the variability in the survey data may be explained by large numbers of damselfish (> 45 ind. per small coral; Holbrook & Schmitt 2002 ) saturating predator-free space, thereby competitively excluding wrasses and in creasing their exposure to small-bodied resident piscivores. Similarly, spatial covariation in the availability of branching corals or predator density could also account for additional variability in the data. (3) Competition-colonization tradeoffs (Levins & Culver 1971 , Tilman 1994 , Hurtt & Pacala 1995 may swamp the negative effects of the sixbar wrasse being an inferior competitor. The settlement density of sixbar wrasse in the northern lagoon of Moorea is frequently 10 times greater than that of either the bird wrasse or the fivestripe wrasse (authors' pers. obs.).
The results of our experiment suggested that when density is held constant, per-capita survival of the superior competitor (fivestripe wrasse) was greater in the presence of heterospecifics than in the presence of conspecifics. Classic competition theory (Colwell & Fuentes 1975 , Diamond 1978 predicts that over evolutionary time, intraspecific competition should be stronger than interspecific competition because competitive exclusion and niche diversification will lead to resource partitioning among species. Interestingly, this was not true for the other 2 species examined. The per-capita effects of intraspecific competition for the bird wrasse was less than and equal to the interspecific competition with the fivestripe wrasse and the sixbar wrasse, respectively. For sixbar wrasse, the per-capita effects of intraspecific competition were weaker than the per-capita effects of interspecific competition with both the bird wrasse and the fivestripe wrasse. This suggests that the relative strength of inter-and intraspecific competition will depend upon the identity of the competing species, and that coexistence is maintained by some mechanism other than niche differentiation.
In conclusion, the present study demonstrates that when bird wrasse, fivestripe wrasse and sixbar wrasse arrive simultaneously onto patch reefs in high densities, intense asymmetric competition between species pairs results. When pairs of inferior and superior competitors are placed in 3-species suites of competitors, linear competitive hierarchies ensue, and these appear to be an important determinant of resource monopolization and patterns of distribution and abundance. The presence of linear competitive hierarchies suggests that, given sufficient time, the best competitor will drive all others locally extinct unless some other mechanism facilitates coexistence. Given our knowledge of this system, we hypothesize that competition-colonization tradeoffs maintain the coexistence of these 3 species, whereby high settlement of the inferior competitor swamps the negative effects of superior competitors.
